fi+l 




vnaboo el C©r*surief and 

coinmerciate* Canada Corpora* Mmrt Canada 



Bureau det brevet* 



Patent Otoe 



Ottawa. Cana.S ■% 
K1A0C9 



(21) (Al) 



2,104,136 



(22) 



1993/08/16 



(43) 



1994/06/24 



5 



(51) INTL.CL. B01D-050/00; B01D-045/16; B04C-005/64 



(54) Process and Apparatus for the Wet Purification of Cases 

(72) Bartsch, Arno - Germany (Federal Repuolic of) ; 

(71) Norddeutsche Affinerie Akciengesellschaft - Germany 
(Federal Republic of) ; 

(30) (DE) P 42 43 759.8 1992/12/23 

(57) 9 Claims 



Hoticex Thle application la at filed and may therefora contain 



(19) (ca) AF PLICATION FOR CANADIAN PATENT (12) 



incomplete specif teat Ion, 




CCA J7fci<WV»?)«l ?fctt^*4Jt1&4 



2104136 

-15- 

ABSTRACT 

For their *et purification, gases 
flowing in a line are sprayed with scrubbing liquor, 
the r-sultin ; mixture of tyn oi«5 liquid i* r«* s * d 
thro:ah a cyclone separator, '-'he sas iu ir.itiilly 
stayed in a pre-scrubbing line and the gas f.hich 
contain:; scrubbing liquor is subsequently conducted 
through a substantially horizontal accelerating line 
having at its entnnce a cross-sectional area which 
is 1.5 to 5 times larger than the cross-sectional 
area at its exit. The exit of the accelerating line 
communicates with the cyclone separator. Purified gas 
is withdrawn from the cyclone separator. 
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The present invention relates to a process for the 
wet purification of a gas, which is sprayed with scrubbing 
liquor as the gas flows in a line, whereafter the resulting 
gas-liquid mixture is passed through a cyclone separator and 
purified gas and contaminated scrubbing liquor are 
separately withdrawn from said separator, and an apparatus 

for said process. 

During their wet purification, the gases may be 

cooled and/or chemically treated. 

processes and apparatuses o£ that kind are known 
from German Patent 960,452, German Patent Publication 
1,300,093; and International Application HO 88/03050. In 
said cases the lines which are flown through which the gas 
to be purified flows into the cyclone separator are provided 
with means for spraying scrubbing liquor but no care has 
been taken to effect an optimum contact between the gas and 
liquid. For this reason it is an object of the invention to 
provide an improvement in that respect and to purify the gas 
at low cost. Besides, a soiling of the purifying apparatus 
fs to be avoided and laden scrubbing liquor is to be 
discharged from the apparatus on the shortest possible path. 

in the process described first hereinbefore that 
object is accomplished in accordance with the invention in 
that the gas containing impurities is sprayed with scrubbing 
liquid in a pre -scrubbing line, the gas which comes from the 
pre-scrubbing line and contains scrubbing liquor is passed 
through a substantially horizontal accelerating line, which 
at its entrance has a cross-sectional area that is 1.5 to 8 
times larger and preferably 2 to 6 times larger than its 
cross-sectional area at its exit, additional scrubbing 
liquor is sprayed into the gas in the accelerating line and 
the gas-liquid rixture is passed from the accelerating line 
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into the cyclone separator. The invention provides also on 
apparatus for carrying out the process. 

To improve the scrubbing performance and to effect 
a high degree of separation of the scrubbing liquor in the 
cyclone separator, the gas is desirably sprayed in the 
accelerating line with larger liquid droplets than in the 
pre-scrubbing line. As a result the smaller droplets from 
the pre-scrubbing line combine 
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in the accelerating line with the larger liquid drop- 
lets in the accelerating line. It is also recommend- 
able to spray the scrubbing liquor at a low velocity 
from the spraying means into the gas in the accelerat- 
ing line. 

Each of ihe pre-scrubbing and accelerat- 
ing lin;:s are provided with at least one sprayer. Each 
line may readily be provided with more than one sprayer. 
In most cases it will be sufficient to provide each of 
the pre-scrubbing and accelerating lines with two spray- 
ers. The scrubbing liquor is preferably sprayed in the 
accelerating line at a lower rate thxin in the pre-scrub- 
bing line. To form fine droplets, the sprayers may be 
supplieO with liquid ar>3 atomized air. 

A 'h^ substantially horizontally extend- 
ing accelerating line, »hich is flown through at high 
turbulence, must be sufficiently long for the required 
contact between the g as and liquid droplet-*. For this 
reason it is? recomr.ftndsble that its length is 4 to 2C 
tines ;md preferably 6 to 15 times the diameter of the 
entrance cross-szction of the accelerating duct. 

Owing to the direct contact between the 
gas and liquid in the cyclone scrubber, the temperature 
of the treated g^s is approximately as high as the tempe 
rature of the liquid -hich flows out of the cyclone. H 
the scrubbing liquor is re-cooled in a heat exchanger it 
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will then be possible to cool the ;;«s rxch nore effec- 
tively than would be possible, e.y. t an indirect 
ceding. For this purpooe the scrubbing liquor being 
circulated is recoolcd in a sv itable hent exchanger, 
*r.tj-» l T renns of cooling water, before it is sprayed 
again. 

Further features of the process and of 
the apparatus v. ill be explained with reference to the 
drawing, in v I ich 

; ? i[*vre 1 j;, a schematic longitudinal 
sectional viov. shoving tht ; ;;;* if;- inr :-}]un:tu.i id*"; 

Figure 2 is a top plan showing the 
c,;clcne separator, which is vic-vee opposite to the 
direction of the arrow (a) in Figure 1. 

The fias, -jhich contains impuritios, 
particularly dust, droplets or undesired gaseous coapo- 
nents, flews in the direction of the arrow 1 through a 
pre-scrubbing duct 2, which is preferably provided with 
two sprayers 3 and 4. The scrubbing liquor may consist, 
e.g., or water, which is supplied in lines 5 a«i 
Fresh water is added through line ?• The treatment of 
the gas may also serve to cool and/or chemically change 
the gas. 

The pre-scrubbing duct 2 is succeeded 
by an accelerating duct 8, the entrance cross-section o 
which is indicated by the dotted line 1 and which conti 
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nuoualy tapers as far 38 to Its exit cross-section, 
which is indicated by the dotted line II. The accele- 
rating duct 8 opens into the cylindrical upper portion 
of a cyclone separator 10, see also Figure 2 t in which 
the liquid and gas are separated, the ptr if led gas flows 
off in the direction of the arrow K through the pure-gas 
line 11. Liquid which contains impurities is collected 
in the lower portion of the cyclone 10 and flows through 
the line 12 into a collecting tank 1}. In the accelerat- 
ing duct 8 the g^s and the liquid droplets flow at dif- 
ferent velocities to improve the contact between the 
gas and liquid and to facilitate the separation of the 
multiphase mixture in the cyclone separator. 

A aajor part of the scrubbing liquor 
is circulated, as a rule. In order to avoid an enrich- 
ing of solids, the scrubbing liquor can be fed from the 
collecting tank 15 by the pump 15 through line 14 to a 
hydrocyclone 16 1 from which sludge water is withdrawn 
through line 17. Scrubbing liquor which has partly been 
purified by the hydrocyclone lb is recycltc in line 5 
for a renewed use- The line 5 may include an indirect 

coder 9, if desired. 

i'he gas which has been sprayed with 
liquid in the pre-scrubbing duct 2 is then fed into the 
accelerating duct 8 and in the latter is again sprayed 
with scrubbing liquor. For tn at purpose the two sprayer 
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ZQ and 21 -*v. jroviVti. Car* i» taken that the gan 
in urra^ed it; the ncceKr- tinr duct F v.i'h ! •r^'* 
liquid iroplets than In the pre-»crubblng duct 2. Thio 
is particularly achieved in thatrlhe scrubbing liquor 
la ciuaed to *xit froa tb€ sprayer 20 and 21 into the 
accelerating duct 8 it a lower velocity th-n froo the 
sprayers J and into the pre-scrubbing duct 2. As a 
result, the rate at which liquid La .-sprayed into the 
accelerating duct 6 is 0.2 to 0.6 tines the rate at 
which liquid is sprayed into the pre-scrubbing duct 2. 

The inertia of the relatively large 
liquid droplets in the accelerating duct 8 and the in- 
creasing velocity of the gas in the accelerating duct 
considerably intensify the contact between the gas and 
liquid and thus improve the purifyinc perf oriaance* 
Besides, fine liquid droplets coming from the pre-scrub- 
bing duct 2 are collected in the accelerating duct 8 
by the large liquid droplets so that the separation of 
said liquid droplets in the cyclone 10 is improved. 

Tlie accelerating dut H in provided 
with ;*t le-ist one intermediate outlet 22, from which 
collected liquid is conducted in line 2} to the collect- 
ing tank 1} That withdrawal of liquid results in a 
considerable decrease of the loading of the cyclone 
separator 10 with liquid .so that the entraining of 
liquid droplets into the pure-gas line 11 is also decrea- 
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aed. The pre-ccrubbing duct 2 may abio be provided 
rith at leant one Intermediate outlet 22a for liquid. 

EXAMPLE 

*t>* exhaut fjTa fro* % metailurgtc.il 
plant in purified by an apparfua which la sh^wn in 
the drawing. The pre-scrubbing duct 2 has i length 
of 3 meters and is 0.<* meter in diameter. Scrubbing 
water ia sprayed at two points 3 and * disposed at 
the entrance to the pre-scrubbing duct and in the 
middle thereof. The ; v icrubbing duct ia provided with 
an intermediate outlet 22a for liquid. The accelerating 
duct 6 is J meters long and its rectangular exit open- 
ing into the cyclone 10 has a size of 120 x 320 ma. 
The accelerating duct i3 provided with sprayers at two 
points 20 and 21 for scrubbing water, namely, at the 
beginning and in the middle of the accelerating duct. 
The cyclone 10 has a height of 3 meters and an inside 
diameter of 0.5 meter. 

Exhaust gas at a temperature of 6^°C 
and at a velocity of flow of 12.3 m/s is fed to the 
pre-scrubbing duct at a rate of 4J40 standard cubic 
r.eterj C^*') i Ucur.The contends of metal dust and 
NaOH in the raw exhaust gas are stated in column A cf 
the Table in mg/sm^: 
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X B C 

Scrubbing 

Raw ga* Pure gas liquor 



Xa 27.95 0.11 *50 

Pb 5-56 0.1* 165 

•ib 2-27 0- 6 55 

56.05 0.05 1115 

0.09 0.25 5 

0.12 <0.01 1* 



Sn 
Cu 
So 

Te 0.20 *0.01 27 

NaOH 55*. 5 1 * 200 



The 3praying stations 5 t 4, 20, and 21 
succeed each other in the direction of flow (see Figure 
1) and have the following data; 





5 


4 


20 


21 


peed pressure of 
liquid (bars) 


4.0 


4.0 


2.5 


2.0 


Volume flow rate of 
liquid (ra5/h) 


14.1 


4.8 


5.5 


5.* 


Droplet site range 
minimum (mm) 


0.2 


0.02 


0.02 


0.2 


maximum (mm) 


1.0 


0.1 


0.1 


1.0 



Air for atomir.inc the scrubbing liquor was 
fed to each of the spraying stations 4 and 20 at a rate 
of 100 m^/h under * feed pressure of 5 bars. The cooler 9 



2 1 a i j :j 6 

-9- 

la not used and the -a'.er to be sprayed has a te.pe- 

rature of 77°C In line 6. 

The pore tjia iJ at a temperature 

of 77°C aa it leaves t!>« cyclone 10 in the duct U 
„nd contain* the residual iDpuritie. stated in cluan 
B of the Table (in »6/« 5 >- t'nd*r steady-otate condi- 
tions, the Lpurlties in the -.iter to be sprayed, 
which is flo.ln 6 in lin,- 6. *re present at the concen- 
trations stated in column C (in ag/liter). 
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The embodiments of the Lnvention In which 
exclusive property or privilege is claimed -re defined as 

tol lews: 

X A process for the vet purification of a gas. 
„hich is grayed with scrubbing liquor as the gas ^ flows in 
a line whereafter the resulting gas-liquid mixture is 
L ss r through a cyclone separator and purified gas and 
Z t^ated'scrubbing liquor are separately 
said separator, characterized in that the gas 

titles is sprayed with scrubbing liquid m a pre 

line -nd contains scrubbing liquor is P»«* * 
bstantlally horizontal accelerating , line which at . £ 
entrance has a cross-sectional area that is 1.5 o « 
larger than its cross-sectional area at its exit. -«*"oort 
c : bb ing liquor i. sprayed into the gas in the U«t ing 
Une, -nd the gas-liquid fixture is passed fro, the 
.accelerating line into the cyclone separator. 

a A process according to elai. 1, characterized 
in that the gas is sprayed in the -elerating 
larger liquid droplets than in the pre-scrubbing line. 

3 a process according to clai» 1 or 2. charac- 
terized in "that the gas is passed through at least one 
sprlyfng station in each of the pre-scrutfcmg and 
accelerating lines. 

4 A process according to claim 1 or 2, charac- 
tered in "that the accelerating line is fed . M sprayed 
liquid at a lower rate than the prescrubbing line. 
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s . M .pp.t.W. tor th. «t -.riflctlo. =' 

„ lu , . t "^jt/r: 5 .:;!!,, ,u. 

s .p.,.tor. fro. -Men £.1.1* 5 tely . ltM ,.„. 

- hich .t:;" t irVhV,.;.cic tl ^o U c t », . 

characterized in t!*at tne g one 

=u.r«. rr - - 

on. spr.y.r .no th. cross s.otL 

ouct .t th. Lco.Lr.tlna onct .t 

than the cross-sectional area 01 

its exit leading to the cyclone separator. 

6 *» apparatus according to claim 5, charac- 
6. An hf= provided with an 

terized in chat the accelerating duct is pr 

outlet for liquid. 

7 ,„ apparatus according to claim 6. charac- 
terized in ^at each of the pre-scrubbing and accelerating 
ducts is provided with at least one sprayer. 

8 An apparatus according to claim 5. 6 or 7 

which is 4 to 7.0 times the diameter 
section. 

9 An apparatus according to claim 5. 6 or 7 
• 1, that the pre-scrubbing duct is provided 
characterized in that the pre 

with at least one cutlet for liquid- 



